Over maritime areas, meteorological satellite data generally havc been used only in the study of synoptic scalc systems. Howcvcr, TIROS 7 pictures of summcrtimc stratus ovcr thc northcrn Pacific, whcn rcctified and combiiicd with mesosealc radiation analyses, give valuablc clucs regarding the mcsoscalc dynamics of thc lower atmosphcrc. Radiation data distinguish stratus from middlc lcvcl cloud laycrs. Stratus bands, averaging 13 km. widc and oricntcd 16' t o the left of thc geostrophic mind, arc thought to bc related t o horizontal roll vorticcs. Rcflectancc cross scctions across thcsc bands iiidicatc sharp variations in thc thiekncss of thc stratus.
INTRODUCTION
Studies of fog and stratus over the open ocean liavc been rare, so it is not surprising that most meteorologists tend to dismiss them as featureless and uninteresting, at least from a dynamical point of view. Yet, there is no reason to suppose that, as with any other cloud form, there are not processes operating to produce patterns and inhomogenieties. In the past 6 yr. meteorological satellite photographs h a w detected numerous mesoscale stratus and stratocumulus nephsystems over the oceans. Some resemble patterns in laboratory fluid dynamics experiments, such as BBnard cells (Krueger and Fritz [12] ), and the closely related stellar and nctinoform patterns discussed by Hubert [9] . Bowley et al. [l] , Hubert and Iirueger [lo] , and Chopra and Hubert [2] have investigated various patterns in lorn clouds beneath strong inversions to the lee of islands. From such studies evidence is accumulating which indicates that atmospheric motions may have their peak in the mesoscale, an understanding of which, in all its elusive complexity, is necessary to begin an approach to the solution of the local forecast problem.
The development of precise analysis schemes for satellite photographic and radiometric data now allo~vs more quantitative research not only on synoptic scale systems, but also on mesoscale phenomena over the open ocean. In addition, it is no\\ possible to explore in detail the relationships between cloud patterns and island topography. This paper illustrates how even a. single set of precisely rectified photographs combined with carefully analyzed radiation data and conventional reports can produce significanl insights on mesoscale motions like those mentioned bclow over regions of the globc idierc they otherwise could not be studied.
The TIROS 7 photographs that will be discussed here picture a vast area of stratus covering t,he North Pacific in which exists several noticeable patterns, the most striking of which are parallel bandings in the clouds which extend for several hundred kilometers. In this case, the 1000-km. Aleutian Island chain obstructs the flow of fog and stratus. The clear Avnkes produced by long mountain ridges oriented normal to the flow and by the numerous isolated mountainous islands of different sizes can be used to study how such obstacles disturb the marine atmosphere. One of the islands, moreover, appears to be generating a vortex st,reet.
DATA RECTIFICATION FOR MESOSCALE USE
Figures 1A and 1B shoiv TIROS 7 photographs (frames 6 and S, pass 735, Aug. 8, 1963 ) over the northern Pacific Ocean in the vicinity of the Aleutian Islands, with 1' lat. and long. lines superimposed. The details of the method of retification used here, which has an accuracy of better than 0.1" of lat. near the satellite subpoint (SP) and is sufficient to be useful for research on the mesoscale, havc been presented by Fnjita [5] . T o facilitate the visualixation and comparison of the cloud and topographic features, a sketch ( fig. 2 ) including an outline of the Aleutian Islands was made. The numbers are t,he maximum elevations above sea level (in meters) of each of the islands (TIROS 7, pass 735, frame GT, 0320.5 GAIT, Aug. 8, 1963 and will be used for identification. Other information in figure 2 pertains to the various cloud features to be discussed. Even though the exact positions of the cloud elements have been fixed, the difficulty of determining their type aiid altitude remains. Recourse to the few scattered surface reports would be insufficient to establish the structure of a multilayered cloud system. The channel 2(8-12p) "water vapor window" medium resolution radiometer of TIROS 7 is capable of estimating the altitude of the tops of cloud layers of the horizontal scale of several tens of kilometers by inference from their effective blackbody temperatures. Fujita [7] has developed a "scaiiiiiiig-l)riiiterJJ which uses the origiiial analog telemetry recording and produces :~n analysis for any of the five radiometer channels having continuous gradients of radiation values and a rectificatioii accuracy comparable to the photographs. Figure 3 s h o w the equivalent blackbody temperatures of the viewed surface (cloud top or sea surface) over our area as derived from channel 2. A representative radiometer scan line and scan spot (isopleths of returned power) are included. While 110 correction for water vapor attenuatioii I\-as applied, the extreme dryness of the atmosphere in this case (motorboating was observed from' 940 mb. up) indicates that the temperatures shown are probably within 1 or 2°C. of the actual. Note the correspondence of an observed sea surface temperature with that iiieasured by the satellitc. The sharp radiative temperature gradients clearly delineate two distinct cloud layers, the warm regions associated with a very loiv level cloud (stratus) and the areas colder than about -4OC. (heavy stipple) representing altocumulus. Distinguishing loiv from middle clouds is irnportant, since it suggests that the clear breaks in the stratus lee of the islands are the result of motions much shallo~ver than lee waves, which often extend through the entire depth of the troposphere. Note that undisturbed altocumulus actually obscured portions of the clear wakes from Attu (640 m.) aiid Agattu (633 111.).
A surface sectional map interpolated to 0300 GAIT with three aviatioii weather reports available from the islands is shon-ii in figure 4 . A large High (1031 nib.) was centered at 175OW., 4S0N., with a ridge extending from southerii Alaska southm estmard to 35"N. Ship reports aiid time sections of surface data from the islands (not shown) indicate that dense fog and low stratus (base about 30 m.) beneath a strong, low level inversion (7.5OC./150 m.) in the southwesterly flou covered a huge area of the nortlierii Pacific. Rain begaii falling a t Attu (640 m.) at 0700 G l i T as the line of altocumulus at 173'E., which was running ahead of a weak surface cold front along the 165OE. meridian, passed overhead. It might be noted that the pronounced shadows cast by the altocumulus line onto the bright stratus tops provide an additional Letters 01 through mark some of the more pronounced bands and "a'' through "e" label several block-like patterns in the stratus. The reflectance calculations of figure 5 were made for cut ABCD. Arrows point to the probable vortex street shed by Kiska (1216 m. km. Faller, however, refers to a quasi-adiabatic boundary layer. While the effects of thermal stratification (see fig.  11 ) still remain unknown, the great thermal stability here may have forced these eddies to become oblate resulting in the observed four-fold, increase in L over the expected value. Also, by analogy with Faller's rotating tank experiments, it is indicated that the bands (in the Northern Hemisphere) should be oriented to the left of the geostrophic wind by an angle e, which ranges between 10' and 17' and averages 14'. In figure 4 , the more pronounced bands are indicated by dashed lines, and observed values of e are measured to range from 12' to 21', with an average of 16 ', an acceptable comparison. Also, the most prominent of the stratus bands shows its own internal striations (a and 0 ) and narrower, less intense bands are present to the right (y through {). Faller's laboratory experiments also showed strikingly similar structures in which a broad striated band, often with a sharp edge, was paralleled by weaker, less pronounced streaks. Ogata and Tamura [17] presented a summary of observations taken at ship Extra (39'N., 153'E.), which notes that fog often drifts in masses or blocks of between 15-and 90-km. diameter. The shallow stratus and fog in fipure 2 seems to have a similar block-like structure (labeled "a" through "e") with an average dimension parallel to the winds of about 90 km. However, again by analogy to Faller's laboratory results, stratus bands should move normal to the wind a t 0.1 U. Therefore, for a U of 15 m./sec. it mould take 1.8 hr. for 10-km.-wide cloud bands to pass a stationary observer who, assuming that the stratus was moving with the wind, could interpret them as roughly lOO-km.-long "blocks" of stratus and fog.
WAKES TO THE LEE OF ISOLATED ISLANDS
For this study, extreme care was taken to maximize the rectification accuracy of pictures in the vicinity of the islands in order to detail the relationships between the topography of an island and its wake. Twenty isolated islands were divided into four categories: those almost conical in shape ( fig. 6A) treated separately below. Cross sections of topography both normal and parallel to the wind a t stratus top level (200 m.) and the depth of the stratus and fog layer are shown for the islands with wakes. Clear wakes can result from one of three basic mechanisms: 1) horizontal flow of stratus and fog about the obstacle, 2 ) vertical mixing of moist and dry layers on the downwind slope by intense turbulence induced by the island, and 3) evaporation of liquid water as a result of heating of the air by contact with the surface of the island. The last mould seem to be of minor importance here due to the overcast and rather low sun elevation (41'). The fact that on all islands, notably Amchitka (386 m.) and R a t (344 m.), wakes only occur downstream of the segments rising above 100-m. level points toward a dynamic origin. Choosing between the first and second mechanism is not so easy, and undoubtedly both occur simultaneously on all the islands in proportions varying with the size of the island, particularly its cross wind diameter.
A plot of the length of the 100-m. contour normal to the flow (dloo) versus the area of the clear wake for the 20 isolated islands is shown in figure 7 and reveals an apparent critical obstacle dimension below which a clear wake will not form. Above this size, wake areas are directly proportional to the width of the island beneath the stratus top. The islands with wakes penetrate well above the inversion level and present shapes to the low level saturated flow not at all unlike extended circular or elliptic cylinders. Indeed, the wake patterns bear a noticeable similarity to those seen in laboratory experiments with two dimensional cylinders, where wakes develop downstream of bluff bodies only above a certain critical value of the Reynolds number (E,) defined as Although the motion about these small islands is essentially horizontal, our assumption that the heat input into the air stream from the surface of the island is rather small leads us to conclude that there must be some downward transport of drier air from above the inversion into the clear wake in order to evaporate the liquid water. This may be explainable by the observation of Scorer [19] that air flowing about a conical hill can separate from the 
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boundary layer of the hill, curve upwards a small distance, and then proceed down the lee slope. This motion would probably allow enough dry air to be incorporated into the wake to make it clear. 
A VORTEX STREET
The wake of Kiska (1216 m.) , the island with the largest Re(170), is the most pronounced from any of the islands and extends 125 km. downstream. The wind impinged upon the upwind slopes and appeared to flare outwards to both sides along the 100-150-m. contours, with a small patch of stratus extruded across the island through a pass where the elevation drops to about 125 m. (fig. 9B) . North of the wake, extending an additional 350 km. upstream, the edge of the stratus and fog bank had a noticeably scalloped appearance as indicated by the arrows in figure 2 . When visible farther west on pass 721, 24 hr. earlier, the same cloud bank appeared quite smooth, and it seems likely that these perturbations may be dynamically significant. Chopra and Hubert [2] studied mesoscale eddies in stratocumulus in the wake of Madeira Island beneath a strong inversion and concluded that an atmospheric analog to the laboratory KArmitn vortex street exists. In figure 9A , streak lines are drawn for the K&rm&n vortex street which would have produced the observed perturbations in the formerly straightedged cloud bank. Without going into detail, we will use essentially the approach of Chopra and Hubert to calculate several characteristic parameters for the Kiska case in order to compare them with those obtained for Madeira. In a vortex street, the ratio of the average lateral spacing of the A most useful by-product of the above approach is that the eddy viscosity can be computed by combining equations ( l ) , (2), and (3) to obtain the relations which assumes that the vertical momentum transfer is negligible. We will assume that true vortex streets existed for both cases and take a mean value of p of 1.75X 
WAKES TO THE LEE OF LONG RIDGES
The Aleutians east of 180", as indicated by their cross sections ( fig. 10A) , present an extended horizontal barrier 31 1 to the low level winds. The air beneath the inversion must be forced up and over the long ridges since substantial horizontal flow about the islands becomes difficult for large cross current widths. The model of air motions in the vicinity of these ridges presented in figure 11 will be used to explain the various features seen in the satellite photographs.
The clear zone extending as much as 120 km. from the island chain does not contain the wave-like corrugations with spacings of from 5 to 25 km. normally expected from the "classical" atmospheric lee wave. These wakes, on the contrary, appear to be the result of strong turbulent mixing of the shallow moist layer with dry air from above. Long [15] points out that linearization of the differential equations eliminates the simulation of jumps and other shock phenomena from theoretical studies of lee effects. His experiments with stratified fluids (Long [14] ) indicated that a t moderate Froude numbers (a wind speed of about 20 m./sec.) hydraulic jumps may occur lee of mountains. Unless the tropospheric inversion is quite high and the barrier low (a 300-m. relief is sufficient for lee waves), we should expect the presence of surges, jumps or bores, not low amplitude, sinusoidal waves. Long concluded that this should be particularly true for very strong atmospheric inversions.
His experiments using a fluid with a sharp density gradient often showed a turbulent jump with rotor-like vortices in the lee of the obstacle. Furthermore, while the existence of a statically stable layer lying near the crest of a mountain range oriented within 30" of the normal to a rather strong wind is a necessary condition for lee waves, Scorer's [18] theory would indicate this is not sufficient. It seems important that the mind show little directional change but increasing speed with height through a deep layer, which was clearly not the case here. Also, since the mere oscillation of the stable layer about an equilibrium level in a simple lee wave is not per se accompanied by great turbulence, observational evidence is needed of a far more turbulent type of lee motion able to destroy a moist layer lying close to the surface. Forchtgott [4] discovered that when stable air moves roughly perpendicular to a ridge the lee effect depends primarily upon the low level wind profile. When strong winds are confined to a layer approximately the depth of the hill as in Shemya's wind profile, there occurred "rotor-streaming," i.e., a rapid downrushing current on the lee slopes accompanied by extreme turbulence and one or two large, quasistationary horizontal vortices about the length of the obstacle downstream. Such a motion is suspected in this case.
Both surface and upper air data support the above conclusion. At 0500 GMT, the surface winds a t Adak shifted to strong and directly downslope, due apparently to either an intensification or a change in location of the downrushing current on the lee side. The wind shift was accompanied by a 0.5-mb. pressure drop in less than 1 hr., explainable as a dynamic low pressure which would help induce any surface return flow present beneath the rotors. Most significant, however, is that the surface dewpoint fell abruptly from 6.5 to 1.5'C., lower than anyplace in the entire northern Pacific Ocean, and remained such for the duration of the downslope winds. 
where L is the latent heat of evaporation, c, the specific heat of moist air at constant pressure, 2 the height above While the mixing ratio of the sounding was not constant with altitude since 100 percent mixing is improbable, the mean value corresponds very closely to that for an M of 0.50. The relative humidity a t the top of the mixed layer for M=0.50 was calculated to be 87 percent. The fact that there were scattered patches of stratocumulus at 500 m. north of the lee slopes (Adak aviation reports) means that the degree of mixing varied along the island chain and \vas occasionally small enough to allow a thin cloud layer to remain at the top of the mixed layer. Several upstream phenomena also seemed to be present. Long's [15] experiments and the calculations of Kao [Ill have demonstrated that a quasi-stagnant layer approximately the height of the obstacle can exist for a considerable distance upstream in a stably stratified fluid. In the original photographs, crescent-shaped regions can be seen extending a few kilometers upstream of several of the islands. There the stratus appeared brighter than that surrounding it, indicating a partial blocking was occurring. As the air "piled up" in the quasi-stagnant zone, the inversion surface was lifted somewhat and the deeper stratus layer was manifested by its higher reflectance. However, it should be noted that a portion of the incident airstream must descend down the windward slopes of many of the islands. On Attu (640 m.) north-northwest winds of 7 m./sec. were recorded at the base of the 400-m. ridge which runs northeast through southwest of the station (see fig. 10B ). As indicated by the remarks on the 0000 GMT Attu aviation report, the downward incursion of dry, potentially warmer air mas actually destroying the stratus upwind of most of the islands. In the satellite photographs, this was most noticeable along the continuous chain of islands and at Amatignak (570 m.) , where clearing began 3 km. upstream of the steep windward cliffs of the islands ( fig. 6A ). This feature, called a "bolster eddy'' by Scorer [20] , is incorporated into the model in figure 11.
CONCLUSIONS AND DISCUSSION
Precisely aiialyzed TIROS 7 data have shown the usefulness of the meteorological satellite in exploring the mesoscale dynamics of the marine boundary layer, both over the open ocean and as it is disturbed by island obstacles. It seems probable that longitudinal roll vortices existed in the lowest 1 km., though the relationship between their rather large horizontal spacing and the very high stability of the layer must be further investigated.
There seems, indeed, to be some justification in comparing flow around isolated mountainous islands with that about two dimensional cylinders in the laboratory. However, other phenomena beside simple wake formation may be possible and which will be best studied by pictures of the quality obtained on manned orbital missions. Islands at high latitudes, like the Aleutians, cause mesoscale perturbations in the low level airflow during both the warm (stable) and cold (unstable) seasons. Regular lee wave patterns, vortex streets, and blocking and dissipation effects, like those discussed here, can and should be studied under the vast range of thermal stabilities which are not found in the vicinity of islands in middle and low latitudes. Here, the phenomenon of rotor-streaming, which occurs when very stable air with a pronounced low level wind maximum is forced over a mountain ridge, produced a mixed layer about the height of the obstacle which mas visible as a clear zone for over 100 km. downstream.
Moreover, the ability of islands to block, divert, and dissipate low cloud cover should not be ignored from the standpoint of practical applications. It is enough to note that during World War 11, when airfields were established on both sides of Okmok Volcano on Umnak Island in the Aleutians, the field on the downwind side of the Island mould consistently remain open under conditions of general lorn ceilings and visibility.
